ABSTRACT
corrosive environments are encountered. They have been developed to achieve oxidation resistance by utilizing the concept of selective oxidation [1] . The development of oxidation resistance is based on addition of an elements namely chromium, aluminum, nickel and silicon which will oxidize selectively and produce protective oxide [2] . Although Cr 2 O 3 is mainly responsible for oxidation resistance but it often have a negative effect on the mechanical properties in high temperature environment and are expensive. [3] . To overcome this problem, alloying elements are usually added to improve mechanical properties, including Mo, W, Ta, Re and Nb through the solid solution hardening and Al and Ta via formation of a γ′ precipitate in a γ-nickel matrix. Carbon is used to improve grain boundary properties while Al and Cr are added to develop oxidation resistance. These alloys possess improved mechanical properties, such as stress rupture [4] and [5] , [6] and fatigue resistance [7] and [8] .Superalloys also provide high creep strength, low thermal expansion, high thermal conductivity, good weld ability and resistance against high temperature oxidation corrosion [9, 10] .
A number of investigations on the oxidation behavior Ni and Co based superalloys have already been reported. Ni based superalloys show good oxidation resistance due to the formation of protective oxide scales which is responsible for imparting resistance against high temperature oxidation [11, 12, and 13] . Liu [14] shows isothermal behavior of Co based superalloys that it can grow protective oxide scale at 900ºCand 1000ºC. He also observed that the scale was well adherent and found to consist mainly of CoO and some Cr 2 O 3 . It is concluded that superalloys are suitable for high temperature applications. Hence, the knowledge of reaction kinetics and the nature of surface scales formed during higher temperature oxidation are essential for evaluating the alloys for their use in high temperature application. The present study focuses on high temperature oxidation behavior of Co and Ni based superalloys in air at 900°C under cyclic condition.
EXPERIMENTAL
The Ni and Co based superalloys namely Superni 600 and superco 605 were procured from MIDHANI (India). The alloys were hot rolled and annealed with varying thickness of 5.5-8mm.
The alloys are designated as A and B and their composition have been mentioned in Table 1 The alloy sheets were cut into rectangular samples of size 15mmx20mm. Thickness of both the samples have been reduced to 5mm. Specimens were mirror polished using emery papers of 220, 320, 600, 800, 1000 and 1200 grit sizes followed by cloth polishing with alumina powder (1μ).
Samples were then washed with the distilled water and cleaned with acetone. The physical dimensions of samples were recorded carefully using digital vernier caliper of resolution 0.01mm to evaluate their surface area. Weight measurement of samples as well as alumina boats has been done using digital weighting balance. The superalloys samples were exposed to cyclic oxidation in a silicon carbide tubular furnace. Each cycle consist of 1 hr heating in the furnace at 900ºC followed by 20 min cooling in the ambient air.
All the samples succeeding to cyclic oxidation test for 100 cycles at 900°C. For this, each sample was kept in alumina boat and weight measurement of both the specimen and both has been taken before starting the experiment. This weight measurement has been taken after every cycle. The alumina boats used for the studies were also preheated for 8 hr at 1200ºC and were assumed that their weight will remain constant during the experiment.
RESULTS AND DISCUSSION

Visual Observation
The superalloys during oxidation show change in color due to oxide formation on the top of the surface at 900ºC. Oxide scale form due to the gas solid reaction between metal and oxygen present in environment. During initial cycles, silver lustrous scale form on the surface of Supeco 605. After forty five cycles some black spots appear on the surface. No change in color was Deepa Mudgal, Surendra Singh Vol.11, No.3 observed after 50 cycles till the end of 100 cycles. Color of the oxide layer formed in first cycle oxide is green in color on the superalloy 600. Subsequently in second cycle the color changes to light grey and some greenish brown layer appear on the surface. During the end of the 100 cycles, color of the oxide turned into dark grey alongwith greenish scale on it.
Fig 1 (a)
Surface macrograph of superalloy superni 600 subjected to oxidation at 900 C for 100 cycles (b) Surface macrograph of superalloy superco 605 subjected to oxidation at 900 C for 100 cycles
Cyclic Oxidation.
For oxidation, the mass gain corresponds to the mass of oxygen, which reacts with metal and gives the curve which is parabola in nature. Corrosion kinetic can be characterized by the factor kp defined as follows.
The comparison of kp value allows the quantification of the corrosion rate. Hence kp value for both the superalloys has been calculated which is given in table 2. A small kp represents a low parabolic rate constant and thus protective behavior whereas a high kp corresponds to a higher reaction rate and non protective situation. As the kp value of superco 605 is less than superni 600 hence shows better oxidation resistance. The weight gain square (mg 
DISCUSSION
The weight change data for superalloys subjected to oxidation test in air environment respectively are plotted in figure2. It is clearly seen that weight gain is higher in initial cycles.
Similar results have been discussed by Mahesh [12] and Harpreet [15] . Greenish layer appear due to presence of NiO in the scale of superni 600. The oxide layer appeared to be compact and protective and had almost uniform thickness along the surface of specimen as observed by Vol.11, No.3 High Temperature Cyclic Oxidation 217
Mahesh [12] and Khalid [16] . Due to protective oxide layer, both the superalloys show good oxidation resistance. 
CONCLUSIONS
1. The weight gain of superni 600 alloy is found to be more than weight gain of superco 605.
2. Parabolic rate constant of superco 605 was low as compared to superni 600. But both show good oxidation resistance in air under cyclic condition due to low kp. 
